Previous research has demonstrated that closer genetic relatedness between individuals (from kin to across species) is associated with greater similarity in the qualities of their individual odours ('odour-genes covariance'). This predictable relationship between individual genotypes and individual odours could enable animals to assess their degree of genetic relatedness to other individuals by comparing the degree of similarity between another individual's odour and their own odour. In two-choice tests with odours of unfamiliar mice from different populations and species, subjects from two species of wild mice, Mus spicilegus and M. musculus , that had been raised in mixed litters of both species spent significantly more time investigating the ano-genital odour of the more genetically similar individual. This differential interest was not affected by common rearing with heterospecifics. These responses are consistent with a self-referencing mechanism enabling differential responses across a wide spectrum of genetic relatedness from kin through populations to heterospecifics. These assessments depend on the degree of similarity between the donor's and the subject's odours rather than on differences between them. Such a parsimonious mechanism may provide a basis for differential responses to conspecifics as opposed to heterospecifics that may function as a premating isolating mechanism.
INTRODUCTION
Studies of odours in mammals indicate that each individual produces a distinctive odour that is determined in part by that individual's unique genotype (e.g. Yamazaki et al ., 1992; Eggert et al ., 1996) . In addition to being individually distinctive, these odours provide information about the kin group, population and species to which the individual belongs Heth & Todrank, 2000; ). Although the process by which particular genes code for particular individual odours remains unknown, each individual's genotype is manifest in that individual's odour.
Results from studies with several rodent species indicate that, across varying degrees of genetic relatedness between the odour donors, rodents treat odours from more closely related individuals as similar compared with odours from less genetically similar individuals. Comparable results were found with rodents that were siblings Heth et al ., 1999; Heth, Todrank & Burda, 2002) , that were from the same population or species , and even that were from different but close heterospecific species (Heth & Todrank, 2000; Heth et al ., , 2002 . The findings demonstrate a phenomenon termed 'odour-genes covariance' (Heth & Todrank, 2000) . Odour-genes covariance does not refer to a relationship between particular genes and particular odourous compounds or even proportions of particular compounds. On the contrary, odourgenes covariance refers to a general relationship between individual genotypes and individual pheno-types expressed in odours. This means that the greater the genetic similarity between two individuals, the more similar their individual odours will be. In other words, closer genetic relatedness between individuals (whatever the degree of closeness, from kin to across species) is associated with greater similarity in the qualities of their individual odours. In assessing odour-genes covariance it is not necessary to know specific coefficients of relatedness between individuals, it is sufficient to know that genetic similarities within gene pools are greater than across gene pools whether those gene pools are kin groups, populations or species. Thus, because individual genotypes are expressed in individual odours, individuals that share different proportions of genes in common share proportional similarities in the qualities of their individual odours. These findings also indicate that what were generally thought to be kin-, population-or species-specific odour categories actually reflect similarities in the composite quality of the odours of individuals that share varying proportions of genes in common (Heth & Todrank, 2000) . This means that instead of using specific odourous compounds to identify members of different groups, odour similarities among individuals that share genes, and thus odour qualities, in common could be used to identify group membership. At the same time, differences in proportions of common compounds across groups would still enable discrimination between them. This poses a different challenge to rodents attempting to respond differentially and adaptively to individuals from different groups than discriminating between specific compounds (Heth & Todrank, 2000) .
Given the predictable relationship between individual genotypes and odour phenotypes, one possibility is that an animal could determine its degree of genetic relatedness to another animal by comparing that individual's odour with his own odour. This process, originally termed the 'armpit effect' (Dawkins, 1982) and 'self-referent matching' (Holmes & Sherman, 1982) , has been demonstrated in hamsters ( Mesocricetus auratus ) in differential responses to kin and non-kin . Hamsters' scent marking behaviour in response to odours of siblings, half-siblings and non-siblings is graded based on their degree of relatedness to the odour donor, and their differential responses are not affected by familiarity with the odour donor or by being reared with unrelated hamsters . This suggests that hamsters use their own odour as a referent in differential responses to kin and non-kin and that the discriminative responses are not based on a composite 'family' template learned from nest mates. Subsequently, selfreferencing has been reinvestigated in hamsters (Mateo & Johnston, 2000 ; but see ) and has also been demonstrated in firstgeneration offspring from crossed strains of laboratory mice (Isles et al ., 2001) . Graded responses based on degrees of genetic relatedness to more and less closely related kin in laboratory rats (Hepper, 1987) are also consistent with a self-referencing process, although those experiments were not designed to distinguish between self-referencing and phenotype matching based on a family template.
Combining the evidence for using self-referencing in graded responses to degrees of genetic relatedness at the kinship level with the odour-genes covariance findings raised the intriguing possibility that a similar process may also be used for differential responses to, or preferences for, individuals of varying degrees of genetic relatedness at the level of populations or species. Because individual genotypes are reliably expressed in individual odours, the most effective way of determining one's degree of relatedness to another individual, whatever the extent of the genetic similarity, would be through comparison of that individual's odour with one's own odour. There is already suggestive evidence from hamsters (e.g. Murphy, 1977; Johnston & Brenner, 1982) and blind mole rats, Spalax ehrenbergi (Heth, Nevo & Todrank, 1996) that is consistent with differential responses to conspecifics and heterospecifics based on self-referencing, although those data were not interpreted in such terms by the authors at that time. To investigate this possibility, we first assessed odour similarities across populations and species (in two pairs of genetically close species from the Mus musculus complex of mice) and found that mice treated odours within populations and across close species as similar compared with an odour from another population or more distant species . These results demonstrated odourgenes covariance at the levels of populations and species in this species complex. Then, when given a choice between the odours of female mice from two different heterospecific species, adult males preferred the odours of females from the more genetically similar heterospecific . This indicated that odour-genes covariance is reflected in their behavioural responses to odours. It could not be determined from this research, however, whether the mice were using their own odour as a referent because they could have learned the odours of their nest mates and incorporated these odours into a template for comparison when responding differentially to the odours of other individuals.
To determine whether mice respond differentially to odours of other individuals from different populations and species based on the similarities between the other individual's odour and their own odour rather than by comparing the phenotype of the other individual with a family template learned from nest mates, we conducted the following set of experiments with subjects that had been cross-fostered within hours of their birth. We cross-fostered halves of litters from two species of mice so that they were reared in mixed litters consisting of both biological siblings and age-matched individuals from a different species. This design was used to ensure that pups were given ample exposure to phenotypes of both conspecifics and heterospecifics. Using this type of cross-fostering procedure (see for a thorough explanation of the theoretical basis of this technique), it is possible to distinguish between respondes based on degrees of similarity with one's own odour and respondes based on comparisons with a family template, because there are two possible outcomes from the odour investigation tests. If mice respond to other individuals' odours based on similarities with their own odour (i.e. by self-referencing), being reared with heterospecifics would not affect their differential behaviour. In this case subjects' differential interest and preferential behaviour would be the same whether they were reared in mixed litters or not. If, instead, mice incorporate phenotypes of their nest mates into a learned composite template for evaluation of odours of other individuals, mice reared in mixed-species litters would not show clear differential interest based on degrees of genetic relatedness because conspecifics and heterospecifics would fit the composite template equally. In this latter case it would be necessary to conduct control tests with subjects raised in their natal litters to demonstrate differential responses based on the different rearing conditions. It is possible, using this procedure, to distinguish between self-referencing and using a composite template learned from nest mates because effects of familiarity with various phenotypes can be distinguished from using one's own odour as a referent.
METHODS T HE M U S SPECIES COMPLEX AND THE TESTED SPECIES
The Mus species complex is ideal for this study because it includes, among other species, two pairs of genetically similar yet distinct species (see Fig. 1 ). This enables comparisons of responses to individuals of varying degrees of genetic relatedness within and across species. Mus spicilegus and M. macedonicus (both aboriginal mice) are sibling species that are morphologically similar but inhabit different regions: M. spicilegus (the mound-builder mouse) is found in eastern Europe whereas M. macedonicus (the Mediterranean short-tailed mouse) inhabits the more southern areas of the eastern Mediterranean (Boursot et al ., 1993) . Mus musculus and M. domesticus (both commensal mice) are two species (Sage, Atchley & Capanna, 1993) that are distributed in Europe in distinct parapatric areas (central Europe to northern China as opposed to western Europe to the Mediterranean basin; Boursot et al ., 1993 ) with a narrow hybrid zone. Mus spicilegus and M. musculus are sympatric and also frequently syntopic (Mitchell-Jones et al ., 1999) . Molecular studies indicate that the commensal group of mice forms two separate lineages within the Mus complex and that the taxa arose from only one aboriginal lineage (Sage et al ., 1993) .
Subjects were adult mice from Mus spicilegus and M. musculus . The M. spicilegus were from a population originally collected in Pancevo, Yugoslavia (see Patris & Baudoin, 1998) ; the M. musculus were from a population originally collected in Hov, Denmark (see Christophe & Baudoin, 1998) . We cross-fostered halves of litters from these two species of mice within a few hours of their birth so that they were reared in mixed litters consisting of both biological siblings and age-matched individuals from a different species, giving pups ample exposure to phenotypes of conspecifics and heterospecifics. Specifically, six litters (three from each species) of newborns were divided so that male and female sibling pups, three from each species, nested together and were reared by one of six lactating female BALB/c mice (a recombinant inbred strain that originated from a cross between M. domesticus and M. musculus ; Bonhomme et al ., 1987) until weaning at 21 days, when the 'foster mother' was removed. Thus cross-fostered litters consisted of six pups with the intention of having at least one male and one female from each species represented. (Laboratory mice were used as foster mothers to standardize the pre-weaning experience and because laboratory mice accept pups more readily than wild mice. No pups were lost in this study.) The mixed litters remained together for 45 days, at which point the animals were separated ( M. spicilegus and M. musculus are morphologically distinguishable because M. spicilegus are bij_194.fm noticeably smaller than M. musculus of the same age) and their sexes were determined. Although subjects would be exposed to odours of female donors, only mice that had been exposed to both male and female conspecifics and heterospecifics, and thus had the opportunity for comparable experience with both sexes and species, were considered suitable subjects. (Because it is so difficult to synchronize the births of litters from different species, all the pups that fit this criterion were used as subjects and sample sizes were, understandably, low.) There were 14 M. spicilegus (seven males and seven females) and 15 M. musculus (seven males and eight females) that fit this criterion. Subjects were housed individually on sanichip bedding in solid-bottom plastic cages (26 ¥ 16 ¥ 14 cm) in which U.A.R. type AO4 mice pellets and water were always available. To ensure that the odours were not affected by differences in diet (see e.g. Schellinck & Brown, 1999) , the diet was held constant across all subjects and donors. The colony was maintained on a shifted 14:10 h light:dark cycle in constant temperature (21 ± 1 ∞ C) and humidity (approximately 50%). All experiments were conducted in September-October under dim red light during the dark phase when the animals are most active. Different mice were used as scent donors for the different types of experimental test. None of the scent donors were familiar to the subjects. For tests involving comparisons between conspecifics and mice from the foster-species, 32 adult females were used, eight from each of two populations of M. spicilegus (one trapped in Pancevo, Yugoslavia, the other in Gyöngyös, Hungary) and M. musculus (one trapped in Hov, Denmark, the other in Gyöngyös, Hungary). For tests involving comparisons between conspecifics from the subject's own population and mice from a different population of conspecifics, the scent donors were 32 adult females (eight from each of two populations of M. spicilegus and M. musculus ) that had not previously served as odour donors. Mice that were scent donors for the tests involving comparisons between similar and dissimilar heterospecifics were 13 adult females, five from M. macedonicus (a sibling species of M. spicilegus trapped in Slantchev Briag, Bulgaria) and eight from M. domesticus (a sibling species of M. musculus trapped in Odis, Denmark). All scent donors had been reared by their biological mothers, had been housed with their sisters since weaning, were in di-oestrus (determined by confirmed vaginal closure) at the time of testing, and were unfamiliar to the subject.
T ESTING PROCEDURE
Our observations during pilot testing indicated that, although mice consistently show interest in sniffing 1 the odours of other mice, the short amounts of time invested in such sniffing varies substantially from one trial (or day) to another. Thus it is not practical to assess responses to odours of various individuals of differing degrees of relatedness to the subject in multiple single-odour trials over successive hours or days. Similarly, when multiple odours are presented in a single trial the subject's behaviour can be sufficiently dispersed that it is impossible to assess graded responses to several different odours simultaneously. To avoid these difficulties, we chose to present subjects with only two odours at a time and to make statistical comparisons between the times spent investigating these. Although in this case mean investigation times across tests would not necessarily be indicative of 'graded' responses based on degrees of relatedness, consistent differences in investigation times across subjects within tests would indicate differential interest in the two types of odours presented. If a consistent preference pattern emerged across tests, it would then be possible to infer graded differential interest.
We tested the same group of 29 subjects (14 males and 15 females) with odours from unfamiliar mice in four experimental tests that represented four levels of genetic relatedness across a wide spectrum, from same population to dissimilar heterospecific.
(1) The odour donors were conspecifics from the same population as the subject and heterospecifics from the same population as the subjects' foster-siblings.
(2) The odour donors were conspecifics from a different population than the subject and heterospecifics from a different population than the subjects' fostersiblings. These two tests were designed to determine whether being reared with heterospecifics affects differential odour investigation in mice.
(3) The odour donors were conspecifics from the subjects' own population and conspecifics from a different population. This test was conducted to assess whether rearing with genetically dissimilar individuals affected differential interest in odours of different populations within species of mice.
(4) The odour donors were heterospecifics from a genetically similar sibling species of the subject and heterospecific donors from a genetically dissimilar species that was a sibling species of the foster species. This test was intended to investigate whether rearing with heterospecifics affected differential interest in odours from heterospecifics of varying degrees of genetic similarity to the subjects. There were 2-7 days between tests.
We assessed differential interest of adult mice in two-choice tests using individual odours from donors of differing degrees of genetic similarity to the subject (see above). Subjects' investigation of ano-genital secretions of two unfamiliar female donors presented bij_194.fm on small (3 cm diameter) plastic Petri dishes was measured during 5 min tests in clean covered plastic (29 ¥ 9 ¥ 8 cm) cages. A test animal was transferred from its home cage to a test cage about 5 min prior to testing to allow adaptation to the new area. During this time experimenters wearing latex gloves prepared the stimuli. Secretions from the ano-genital area (usually including a small amount of urine) were transferred from the donor animal to the outside of a Petri dish by holding the donor and gently rubbing the dish for 5 s (ten revolutions) in a circular motion against the area between the legs while avoiding contact with faecal material (following . One Petri dish was placed in the centre of one half of the cage, the other was placed in the centre of the other side. Which odour was placed on which side of the test cage was determined randomly. Usually placing the Petri dishes gently in the cage did not disturb the subject. Occasionally a subject would move the dishes around in the test cage, but it was still possible to measure the investigation times. Ano-genital secretions were used as stimuli because we found during pilot tests that subjects investigated the odours of ano-genital secretions more than the odours of urine alone. We measured the sniffing time (when the subject's nose was within 0.5 cm of the Petri dish) with stopwatches. A different clean test cage was used for each subject.
Because the sample sizes were small and we could not be sure that the investigation times were normally distributed when the results from the two species were pooled, we analysed differences in the investigation times using Wilcoxon matched-pairs tests.
RESULTS
Although the investigation times were generally shorter for M. spicilegus than M. musculus , the preliminary analysis indicated no differences in the patterns of differential investigation for the two species. Males and females also showed similar patterns of responses to odours, but their data are presented separately because males were responding to opposite-sex odours whereas females were responding to same-sex odours. Although the subjects engaged in other activities during the test, such as grooming and exploring the test cage, there was no indication that any of these other activities were connected with avoidance of any of the test odours.
When tested with odours of conspecifics and heterospecifics from the foster-siblings' species, regardless of familiarity or lack of familiarity with the particular population of the odour donors, subjects of both sexes and both species consistently spent more time investigating the odour of the more genetically similar individual: conspecifics from the subjects' own population vs. heterospecifics from the foster population ( Fig. 2A: Wilcoxon matched-pairs test: males: N = 14, Z = 3.23, P < 0.001; females: N = 15, Z = 3.41, P < 0.001); conspecifics from a different population vs. heterospecifics from a different population of the foster species (Fig. 2B : Wilcoxon matched-pairs test: males: N = 14, Z = 3.18, P < 0.001; females: N = 15, Z = 3.41, P < 0.001).
When tested with odours of conspecifics from their own population and from a different population, subjects of both sexes and both species consistently spent more time investigating the odour of the individual from their own population, i.e. the more genetically similar population (Fig. 3: Wilcoxon matched-pairs test: males: N = 14, Z = 2.90, P < 0.004; females: N = 15, Z = 2.93, P < 0.003).
When tested with odours of similar and dissimilar heterospecifics, males and females of both species showed similar differential investigation of the two odours: they consistently spent more time investigating the odour of the heterospecific from the genetically similar species than the odour of the heterospecific from the genetically dissimilar species (Fig. 4 : Wilcoxon matched-pairs test: males: N = 14, Z = 3.18, P < 0.001; females: N = 15, Z = 3.06, P < 0.002).
DISCUSSION
The results indicate that adult male and female M. spicilegus and M. musculus mice that were reared from birth with siblings and age-matched heterospe- cifics investigate the individual odours of mice that are more genetically similar to themselves more than the odours of less genetically similar individuals in two-choice tests. Because information in individual odours is a primary means of communication in rodents, differential investigation of ano-genital odours of individuals within the subjects' species complex can be considered indicative of differential interest in the odour donors in these species. This pattern of greater interest in greater genetic similarity was true whether the choice was between individuals from populations of their own species or from various other species in the Mus species complex. There is no reason to think that this pattern was the result of being reared with heterospecifics. On the contrary, if phenotypes of nest mates, whether conspecifics or heterospecifics, were incorporated between birth and weaning into an individual's composite family template for use in discriminative responses based on phenotype matching, being raised in a mixed-litter with heterospecifics would have disrupted the previously demonstrated pattern of differential interest in individual odours ) that apparently was based on the degree of genetic relatedness to the odour donor.
The results from the tests of odours of conspecifics as opposed to heterospecifics from the foster-species indicate both that mice show more interest in odours of conspecifics than heterospecifics irrespective of comparable familiarity with individuals from both species as a result of nesting together, and that this differential interest holds for different unfamiliar populations of the two species. This suggests that in our experiments subjects used their own odour as a referent in modulating their responses to the test odours. Subjects showed more interest in the odour of a conspecific from a different population than a heterospecific from the foster-species, yet subjects showed less interest in the odour of a conspecific from a different population than an individual from their own population. This indicates not only that greater genetic similarity is preferred even among conspecifics, but also that the preferred odour in one test could be the less preferred in another depending on the particular choice presented. In addition, these results demonstrate differential interest in odours of conspecifics that could only be explained in terms of comparison with the self, because subjects were not familiar with other members of their own population (except their siblings) or the less genetically similar population of conspecifics. Thus the only basis of their differential interest had to be their degree of genetic relatedness to the odour donors, as reflected in the similarity of their odours. Furthermore, the clear preference for the odour of the more genetically similar heterospecific (as compared to the less similar heterospecific) indicates that differential interest follows genetic similarity even across species, suggesting again that subjects must be using their own odour as a referent and assessing degrees of genetic similarity because simple distinctions between 'conspecific' and 'heterospecific' would not be useful in this test.
The differential interest in odours was not affected by common rearing, suggesting that subjects evaluated the test odours based on the degree of overlap between the other individual's odour and their own odour rather than on a composite template that could have been learned from nest mates. Of course, this does not suggest that mice do not learn about and remember templates of their nest mates. Remembering the templates of particular acquaintances is necessary for individual recognition (see Tang-Martinez, 2001 ). The findings presented here indicate that whatever is learned about the templates of nest mates for the purpose of individual recognition is not incorporated into a composite template for use in genetic relatedness assessments (see . By relying on an individual's unchanging genotype, which is expressed in that individual's odour, responses based on comparison with one's own odour may be more accurate (and thus more adaptive) than responses based on a template learned from nest mates. These findings also provide additional evidence to support the conclusion that odour-genes covariance is not simply an experimental artefact but rather provides a theoretical framework that enhances the understanding of animal chemical communication.
These findings change our way of thinking about odour-based self-referencing in several ways. They suggest that self-referencing is not based on categorical distinctions, such as between 'kin' and 'non-kin' or between 'conspecifics' and 'heterospecifics'. Instead, mice respond differentially based on the degree of similarity between another individual's odour and their own odour, indicating an assessment of the degree of genetic relatedness between them and thus enabling graded preferences (inferred from the pattern across the two-choice tests) rather than categorical responses. These behaviours suggest a self-referencing process that enables differential responses to other individuals and their odours across a wide spectrum of genetic relatedness because it is based on degrees of overlap with one's own odour rather than on a 'match' or 'no match' between another individual's odour and one's own odour template. This pattern of differential interest is possible because of the covariance between odours and genes (Heth & Todrank, 2000; . These differential responses across differing degrees of relatedness suggest a spectrum of self-referencing responses based on 'genetic relatedness assessments through individual odour similarities', a process we refer to by the acronym 'G-ratios'. These results also address Grafen's (1990) query about whether animals really recognize kin, because they indicate that mice can respond adaptively to other mice on the basis of differing degrees of relatedness without 'recognizing' distinctions between 'kin ' and 'non-kin' or 'conspecifics' and 'heterospecifics' (see Todrank & Heth, 2002) .
The G-ratios process is governed by degrees of overlap or similarity between odours rather than discriminatory differences between them. Discrimination between specific members within or between groups relies on differences between them, but classification of members as belonging to a group relies on the similarities shared by all members of that group. After all, it is the similarities between genotypes that are manifest in similarities between individual odours that make it possible to assess degrees of relatedness based on individual odours. At the same time, noticing particular differences between another individual's odour and one's own odour provides no useful information about the genetic relatedness between the one and the other. Thus assessments of the extent to which another individual is treated as a member of one's group (and 'group' can vary from the exclusive group of close kin to the wider group of one's species complex) must depend on these similarities rather than apparent differences. When a mouse smells the odour of another mouse it responds based on an assessment of 'how much like me?' rather than 'like me or not like me? Differential responses using the G-ratios mechanism do not seem to imply that animals 'recognize' ('know again') their degree of relatedness to other individuals (see Tang-Martinez, 2001) . Similar responses to all individuals of comparable degrees of relatedness, such as close relatives, members of one's own population, or conspecifics, need not indicate that animals categorize or classify these individuals together or that an individual 'recognizes' them as belonging to its own kin group, population or species. The G-ratios process may provide a means of differential responses to others without the necessity of recognizing or knowing about the degree of relatedness to those individuals. Thus if anything is 'recognized' it is the degree of similarity between the other's odour and one's own, and this overlap reflects the degree of genetic similarity between them because genetic similarities are evident in similarities between odours.
G-ratios could be the basis of many processes underlying adaptive responses to other individuals that depend on assessing relatedness, including agonistic behaviour and mate choice. By assessing degrees of relatedness using G-ratios, animals could increase their inclusive fitness by showing graded aggressiveness that is commensurate with genetic similarity, thus showing minimal aggressive responses to close kin and greater aggressiveness toward individuals from other families or populations. G-ratios also could enable individuals to avoid inbreeding (see Bateson, 1982 Bateson, , 1983 by preferring not to mate with individuals whose odours (and thus genotypes) are too similar to their own. At the same time animals could limit their outbreeding by avoiding copulations with individuals whose odours (and thus genotypes) are not similar enough to their own. Thus animals would be able to optimize their mate choices (see Bateson, 1983 ) by selecting partners with odours and genotypes that are optimally similar to their own. In this sense, G-ratios may also function as an odour-based reproductive iso- bij_194.fm lating mechanism because preferences for mates that are relatively similar to oneself would minimize, and perhaps eventually prevent, gene flow in areas of overlapping populations of two species (see .
It is not clear from previous studies or from the current investigation whether the 'self ' that is apparently used as a referent in this process is based on the individual's own genotype or is actually a composite template learned from the mother and/or litter-mates during gestation. It is only clear that the presence of fostered nest mates does not disrupt the G-ratios process. Interestingly, results from some previous studies designed to assess prenatal odour learning (e.g. in rats (Terry & Johanson, 1996) , lambs (Schaal, Orgeur & Arnould, 1995) , and human infants (Schaal, Marlier & Soussignan, 1998; Porter & Winberg, 1999) ) can also be explained equally well by a G-ratios process as by odour learning, but, of course, the G-ratios process had not yet been proposed when those studies were designed. Studies designed specifically to determine whether G-ratios depend on prenatal learning or rely on a genetic predisposition are currently underway. The preliminary evidence points to a self-referencing process rather than a phenotype matching mechanism based on a family template learned in utero (Busquet, Baudoin, Todrank & Heth, unpubl.) .
Because odour-genes covariance has been demonstrated at every level of genetic similarity in all the rodent species tested, this relationship probably obtains for rodents in general. Although the use of Gratios has not yet been assessed explicitly in other species, data from other studies (e.g. with laboratory rats (Hepper, 1987) and hamsters (Murphy, 1977; Heth et al., 1998) ) are consistent with the use of the G-ratios process. Hepper (1987) even proposed that there could be genetically determined individual 'identifiers' and that these identifiers would be more similar for more closely related individuals because they share more genes in common. Although the odour-genes covariance data indicate a continuum of odour phenotype similarity that parallels degrees of similarity in genotypes rather than a specific identifier, the underlying principle is comparable and in some ways presages the later findings. Because subsequent research has shown self-referencing at the kinship level and the results presented here demonstrate self-referencing at the population, species and across-species levels, the G-ratios process appears to operate across the full spectrum of genetic relatedness. Evidence of odour preferences that parallel genetic similarities in several rodent species implies an evolutionary importance both for odour-genes covariance and for G-ratios, and this type of reliable mechanism will probably be found in other mammalian species that rely on olfactory communication. 
